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C^ElSTEI^ i !^ ! ! . I I S T T F I O I D O O T K 
GENERAL INTRODUCTION 
A : Genera l background of M l c e l l a r c a t a l y s i s 
There a re t h e o r e t i c a l as w e l l as p r a c t i c a l r e a s o n s f o r 
t h e s tudy of k i n e t i c s i n t h e p r e sence of m i c e l l e s . On t h e 
p r a c t i c a l s i d e . I n d u s t r i a l a p p l i c a t i o n f o r c a r r y i n g ou t 
r e a c t i o n s in m i c e l l a r medium o f t e n i n v o l v e s the s o l u b i l i z a t i o n 
of t h e r e a c t a n t s . On t h e t h e o r e t i c a l s i d e , r e a c t i o n s o c c u r i n g 
i n or on m i c e l l e s a re of e s p e c i a l i n t e r e s t when i o n i c r e a c t a n t s 
a r e invo lved because of t h e l a r g e e l e c t r o s t a t i c c o n t r i b u t i o n s 
t o t h e f r e e energy of a c t i v a t i o n r e s u l t i n g from t h e m i c e l l a r 
c h a r g e s . Judging by k i n e t i c d a t a fo r i o n i c r e a c t i o n s on mono-
l a y e r s , t h e e l e c t r o s t a t i c a c c e l e r a t i o n or r e t a r d a t i o n could 
e a s i l y amount t o s e v e r a l o r d e r s of magni tude . 
In a d d i t i o n one would e x p e c t k i n e t i c 'medium e f f e c t s * due 
t o s h o r t - r a n g e i n t e r a c t i o n s between t h e molecu les which form 
t h e m i c e l l e s and the m o l e c u l e s of r e a c t a n t s and t r a n s i t i o n 
s t a t e complex. These e f f e c t s a r e a l s o i m p o r t a n t . 
The b i o l o g i c a l s i g n i f i c a n c e of m i c e l l a r c a t a l y s i s was 
r e c o g n i z e d as simple models fo r enzyme c a t a l y s i s both from 
k i n e t i c p o i n t of view and t h e s t e r e o c h e m i c a l and s u b s t r a t e 
2 
s e l e c t i v i t y . According t o Romsted t h e r e a r e d i f f e r e n c e s 
between micellar and enzyme catalysis. In enzyme catalyzed 
reactions the substrate concentration is usually of several 
orders of magnitude larger than the enzyme concentration where 
as in micellar catalyzed reactions the concentration of atleast 
one of the reactants is maintained similar to that of the mice-
lles. For higher order reactions this may then lead to a 
larger change in the relative concentrations of the reactants. 
As a result, this difference leads to different concentration 
effects altering the reaction mechanisms. Kinetics of micellar 
catalysis need not obey the Michaelies-Menten equation which 
3 
is generally applied to enzyme catalysis. 
4—5 
In general , there are two distinct factors govern-
ing the micellar effect on organic reactions, one is the local 
concentration of catalysis v^ich is developed by the electro-
static interaction, between micelles and the substrate, and 
second one is the medium effect on the study of transition 
states. 
The tendency of micellar effects can be explained in terms 
of two models, the differences between the bulk and micellar 
values of pk 's as well as rate constants are explained in 
terms of a lower dielectric constant of the micellar surface 
i.e. solvent effect. Micelles of the surfactant catalyze or 
inhibit chemical reactions by incorporation of a reactant or 
reactants on to the micelles where the rate constants and con-
centration of the reactants differ from those in the bulk 
6—8 9—14 
solutions . Several theories of micellar catalysis which 
quantitatively accept this concentration effect have been 
proposed by several authors. 
The rate of acceleration or inhibition of organic reactions 
in micellar solutions arises from different rates of reaction 
of substrate in micellar phase and in the bulk phase and distri-
bution of the substrate between these two phases. Basically, 
these effects can be attributed to electrostatic and hydrophobic 
interactions between the substrate and the surfactant aggregates 
and in some cases to alterations in the structure of the surro-
unding water. 
The goal of the studies of micellar catalysis is to inves-
tigate the substrate specificity and the degree of rate enhance-
ment as well as the other factors which influence the rate and 
the magnitude of the catalysis. 
15 Recently Hafiane has examined the degrees of association 
of hydrogen, lithium, rubidium, cesium, cupric and chromic ions 
to anionic micelles of sodium dodecyl sulphate by ultrafiltra-
tion technique. It has been observed that small monovalent 
cations exhibit no specific adsorption whereas large monovalent 
cations or multivalent cations are strongly rejected by ultra-
f i l t r a t i o n membrane e x h i b i t i n g s p e c i f i c a d s o r p t i o n on t h e 
m i c e l l e s u r f a c e . As p o i n t e d out by a group of workers * 
u l t r a f i l t r a t i o n i s a v a l u a b l e t o o l f o r s t u d y i n g t h e d i s t r i -
b u t i o n of i o n s between t h e bulk s o l u t i o n and t h e m i c e l l e 
s u r f a c e . 
Duynstee and Grunwald have s t u d i e d t h e r a t e of f a d i n g of 
t r i p h e n y l m e t h a n e dyes and of s u l f o n a p h t h o l e i n i n d i c a t o r s i n 
a l k a l i n e s o l u t i o n in t h e p re sence of m i c e l l e - f o r m i n g d e t e r g e n t 
s a l t s . They have r e p o r t e d t h a t t h e r a t e of f ad ing of R i s 
g r e a t l y a c c e l e r a t e d by t h e a d d i t i o n of t h e c a t i o n i c d e t e r g e n t 
(CTAB) and i s g r e a t l y r e t a r d e d by t h e a n i o n i c d e t e r g e n t sodium 
l a u r y l s u l f a t e . 
C •». OH C - OH 
Forward r e a c t i o n ( f a d i n g ) 
18 Blokhus and Sjoblom have studied the adsorption of 
sodium dodecyl sulphate and benzyl alcohol onto solid A1^0_ 
from aqueous solutions at varying concentration of NaCl, They 
have observed that adsorption of both SDS and BzCW was found 
to increase with increasing s o l u b i l i t y . They t r ied to involve 
th is model system sodium dodecyl-sulphate (SDS)/benzyl alcohol 
(BzOH)/water at different so lubi l i ty levels with relevance t o 
offshore condition, 
19 
Ige and Soriyan have investigated the inhibit ion of t he 
aquation of Fe(Me phen)^ by sodium dodecyl sulphate (SDS) in 
aqueous acid media and they have proposed a mechanism which 
explains the pronounced inhibi t ion and pre-micellar a c t i v i t y 
at low SDS concentration. They have found that the inh ib i t i on 
i s due t o favourable thermodynamic/hydrophobic/electrostatic 
binding between the Fe complex and SDS monomer aggregates. 
20 Dash and others have studied the kinet ic of equation and 
base hydrolysis of a ser ies of cis-(chloro)(amine) bis(ethylene 
diamine) cobalt ( I I I ) carbons in the presence of Triton X-lOO 
and sodium dodecyl sulphate in an aqueous medium. They observed 
that the values of the ion-exchange equilibrium constant and the 
re la t ive base hydrolysis ra tes (k /k ) indicated that both mice-
l i a r binding and retardation of hydrolysis are governed by 
hydrophobic and e lec t ros ta t i c in te rac t ions . 
The kinet ics of acid catalysed hydrolysis of methyl, 
ethyl and butyl acetates in amide, sa l t and surfactant environ-
21 ments, was studied by Das and Moulik . They have observed 
that the ra te of the acid catalysed hydrolysis of ethyl ace ta te 
decreases in the presence of urea and subst i tuted ureas . The 
amides affect the rate through signif icant deactivation of the 
ca ta lys t , whereas the micel lar solutions of SDS and CTAB i n -
crease the ra tes of hydrolysis of methyl, ethyl and butyl 
ace ta tes . 
22 Hansler and Rokita used the k inet ic study to compare 
permanganate oxidation of oligonucleoxides and evaluate the 
s t ruc tu ra l basis for the spec i f ic i ty of reac t ion . The exper i -
mental approach contrasts the typical focus on reaction products 
and contributes as a l t e rna t ive method for determining the domi-
nant reaction of thymine. Most notably t h e i r resu l t s reveal a 
strong e lec t ros ta t ic component that controls the modification 
of poly anionic DMA by anionic oxidant permanganate. 
B Oxidation of amino acids 
The kinetics of oxidation of some amino acids in 
perchloric acid with CI ion as a catalyst at 303 K were 
23 
studied by Hiremath et a l the resu l t s were compared with 
those obtained with chlorine water and HOCl as oxidant. They 
observed that the r e su l t s followed iden t ica l kinet ics being 
f i r s t order with respect to [CBT] and [amino acid] each and 
f ract ional order in [Cl ] [H ] ions. The var ia t ion of ionic 
strength and addition of the reaction product had no effect on 
the r a t e , A mechanisms sui table with the observed k ine t ics i s 
proposed. 
K. SH + H^  J^-X SH' 
CBT + H^  ^ — ^ CBTH"^  
CBTH'' + Cl [C] 
[C3 + SH"" 
slow 
Produc t s 
24 Gowda and S h e r i g a r a have i n v e s t i g a t e d t h e k i n e t i c s of 
o x i d a t i o n of amino a c i d s by d i ch lo roamine -T (DCT) in 505li(v/v) 
aqueous a c e t i c acid and SOJIi ( v / v ) aqueous methanol media . 
They observed t h a t in b o t h t h e media t h e r e a c t i o n shows second 
8 : 
order dependence in [DCT] and in the presence of acetate ions 
in aqueous acetic acid, the reaction is zero order in [amino 
acid]. The rate increases with the increasing ionic strength 
of the medium. Furthermore, the authors have investigated 
effects of changes in solvent composition and the reaction pro-
duct on the rate in all the cases. They have suggested a suit-
able mechanistic schemes in confirmity with the observed kine-
tics features. 
The kinetics of oxidation of amino acids by alkaline hexa-
cyanoferrate (III) has been reported at constant ionic strength 
25 
over the temperature range 318-338 K by Laloo and Mahanti 
Their observations show that the rate was dependent on the con-
centration of the substrate and the oxidant. 
RCHCO^ 
J 
NH. 
OH RCHCO, 
I ' 
NH- + RCCO^H 3 „ 2 
ill 
slow 
liil 
RCCO. 
NH, 
1 
2 
Fast 
RCCO^H 
li ^ 
NH 
The mechanism proposed is a well established path way for 
the oxidation of amino acids to keto acid via intermediate for-
mation of amino acid. 
Panola and Saha have s t u d i e d t h e k i n e t i c s of N-bromo 
ace tamide (NBA) o x i d a t i o n of amino a c i d s i n t h e p e r c h l o r i c 
ac id medium a t a f ixed Hg(0Ac)2 c o n c e n t r a t i o n t hey obse rved 
t h a t t h e r e a c t i o n f o l l o w s a f i r s t o r d e r dependence in [ N B H ] 
and f r a c t i o n a l o rde r i n [ s u b s t r a t e ] , t h e dependence on [H ] 
be ing i n v e r s e f r a c t i o n a l o r d e r . The proposed r e a c t i o n mecha-
nism scheme i s given a s , 
+ K, . 
RCHCNH j^COOH ^ "^  ">> RCH(NH2)C00H + H"*" 
NBA + H O ^ ^ > HOBr + Acetamide (ACM) 
RCH(NH^)COOH + HOBr v= [Complex] 
d [complex] —T—> 
'^  slow RC"^ HNH2 + CO^ + H^OBr 
RC HNH^ — ^ — > RCH=NH *—> RCHO + ^W-
27 
Ramachandran e t a l have s t u d i e d t h e k i n e t i c s of o x i d a -
t i o n of a-amino a c i d s by N - c h l o r o s u c c i n i m i d e (NCIS) i n aqueous 
media and N-bromosuccinimide (NBS). A n a l y s i s of t h e i r r e s u l t s 
show t h a t t h e observed r a t e of o x i d a t i o n i s f i r s t o r d e r i n 
[ o x i d a n t ] and ze ro o rde r i n [ s u b s t r a t e ] , f u r t h e r p e r u s a l of t h e 
r e s u l t s i n d i c a t e t h a t NCIS/NBS r e a c t s w i th a-amino ac id a n i o n 
t o p roduce a-araino acy l h y p o h a l i t e which t h e n decomposes i n t h e 
10 
r a t e d e t e r m i n i n g s t e p . The mechanism proposed i s in acco rdance 
w i t h t h e observed k i n e t i c s . 
>N - X + RCHCNH^^COO" •-^^^^> RCH(NH2)C00X + >N-
X = CI or Br 
H- --OH 
RCH(NH„)COOX + OH ^ ^ R - C - COOX 
2 J 
NH. 
RCH(NH2^C00X ^ Products 
R -
H OH 
I 
C - COOX 
I 
NH^  
Products 
The kinetics of oxidative degradation of amino acids by 
peroxodiphosphate (PP) in presence of Ru(III) was studied in 
28 
detai l by Rao , Analysis of the results show that the reac-
tion is found to be acid catalyzed and the dependence of rate 
on [H ] reveals that the active oxidizing species i« H P^oOg . 
The Ru(III) catalysis of PP-AA reaction was explained in terms 
of formation of a iJ l complex between Ru(III) and amino acid (AA) 
which later reacts with PP to give the products. 
11 
29 Yamuna studied the kinetics of oxidation of some amino 
acids by bromoamine-T (BAT) their observations show a first 
order dependence each in [oxidant] , [amino acid] and inverse 
first order in [H ]. Added sulphate ions increases the rate 
while bisulphate ions retarded the reaction. The rate of oxi-
dation increases in the order : leucine > alanine > serine > 
glycine. The mechanism assumes the interaction of zwitterion 
of substrate with monobromamine-T in the rate-limiting step. 
Furthermore, it has been observed that variation of the ionic 
strength of the medium has no effect on the rate, indicating 
that neutral species are involved in the rate-determining step. 
The following proposed mechanism accounts for the observed 
kinetics : 
k« 
S° + RNHBr ^ ^ ^ S T ^ X-
X + nRNHBr '^ —^ Products 
30 Ramachandran et a l have i nves t i ga t ed t h e oxidat ion of 
amino ac ids in aqueous medium. The r e s u l t s show tha t the r a t e 
of oxidat ion follows second order with r e spec t t o chloramine-T 
[CAT] and inverse dependence on [P-toluenesulfonamide] : [RNH^] 
At constant [RNH«] the r a t e expression of the r e a c t i o n i s 
represented as ( in the absence of ch lo r ide ion) 
12 
-dfCAT] ^ j^  [CAT]2 + k fAmlnoacidirCATl 
dt -^L-'-j - -j3 
+ k 
[Aininoacid][CAT]^ 
A linear relationship between pk, and the rate constants shows 
the electrophilic attack of the oxidant at the carboxylate 
group of amino acid. The mechanism of the reaction has been 
discussed in terms of the kinetic data. 
31—32 Gowda and Rao have reported the kinetics of oxidative 
decarboxylation of amino acids by CAT in aqueous perchloric 
acid medium both in the presence and absence of chloride ions. 
Their investigations show that in the presence of chloride ion 
the reaction is first order in [CAT] . Zero order in [substrate] 
and [ H ] with all the amino acids and second order with [CAT] . 
In the absence of chloride ion it follows a first order kinetics 
in [substrate] and inverse first order on [H ]. At low [H"^ ] 
effect of added chloride is not kinetically significant, hence 
the kinetic features are similar those in the absence of chlo-
ride. Plausible mechanism and the rate laws consistent with 
the mechanism have been reported. 
: 13 
K 
SH ^ -^  S + H"^  
S + 2RNHC1 — ^ S* + 2RNH2 
-^  Products 
the r a t e law proposed 
i2 
ic^LCATJ^Cs] 
dt ^ 
14 
C : Role of micelles on the oxidation of amino acids by 
permanganate 
Permanganate has been adopted as a chemical probe with 
increasing frequency due to its target selectivity depending 
on the structure of the organic substrate, and depending on 
the acidity of the medium. The characteristic purple colour 
of permanganate is due to the tetrahedral permanganate ion, 
MnO,. It exchanges its oxygen with aqueous solvents rapidly 
in acid solution but more slowly in neutral and alkaline 
33 
solutions 
Oxidative degradation of amino acids : 
Amino acids are the building units of proteins and 
peptides. These amino acids serve important function in our 
biological system and play a significant role in metabolism. 
The kinetic studies of the oxidative degradation of amino 
acids with different oxidants is receiving great attraction 
and increasing number of research papers are being produced 
with remarkable and exciting results. Survey of the current 
literature shows the way few electron transfer processes have 
been studied in the presence of surfactant. For the first 
34 
time Hussain under taken a systematic study of the oxida-
tion of different amino acids to explore the effect of sur-
factant on the kinetic parameters and mechanistic charges. 
This is an extension of his work. 
15 
Summary of the work in t h i s f i e ld i s presented below. 
35 Hussain and Ahmad have inves t iga ted t he e f f ec t s of SDS 
(sodium dodecyl sulphate) on the ox ida t ive degradat ion of i s o -
l euc ine , t h e i r r e s u l t s i n d i c a t e t ha t the c o l l o i d a l manganese 
d ioxide i s the reduct ion end product of Mn(VII). The f r e e 
r a d i c a l chain reac t ion involved in the mechanism is r e t a r d e d in 
the presence of SDS. The r a t e passes through a minimum as [SDs] 
i s var ied between below and above the cmc. The r a t e i s not 
af fec ted by [H ] , The o v e r a l l r a t e equat ion proposed i s . 
dt ~ dt 
= Ic^LlCO^HjJSDSjLMnCVlDJ^^^^j^ 
3 A The stopped-flow technique was used to study the kinetics 
and mechanism of the oxidation of tryptophane [WCCX)H] by acid 
permanganate in the absence and presence of SDS, The results 
signify that the reaction is first order with respect of [MnO^] 
and follows a fraction order with respect to [WCOCW], However, 
in the presence of SDS the reaction is first order with respect 
to [MnO~] and [WCOOHJ. The reaction is accelerated by increase 
in the concentration of hydrogen ion, both in the absence and 
presence of SDS. The overall rate expression for the reduction 
16 
of manganese(VII) is 
-d[Mn(VIl)], ^  , k,[WCCX)H] [H"^ ] 
-d[Mn(VII)3. . , 
total ^ Kkj[WCOOH]^[H"*"][SDS][Mn(VIl)]^^^^j^ 
37 The comperative kinetic study of glutamic acid oxidation 
in the absence and presence of SDS shows that the surfactant 
enhances the reaction rate without changing the reaction mecha-
nism. The reaction appears to involve parallel consecutive 
processes in which Mn(IV) is formed as the reaction interme-
diate, k.^  signifies the rate constant for the path leading to 
the reduction of Mn(VIl) to Mn(ll) with prior formation of Mn(lV) 
The overall rate expression for the reduction of Mn(VIl) is 
dt 
' = |k4, + k2,/[H^]} [GCO^HJLMnCVII)]^^^^^ 
The kinetics and mechanism of oxidation of isoleucine by 
38 
acid permanganate was studied by Husain and Ahmad . The 
525 
result reported show that the plot between A vs time increases 
initially at low concentration of isoleucine, for significant 
duration, the reported mechanism show that the formation of Mn(lV) 
is taking place simultaneously by two steps. Mn(lV) and Mn(III) 
are both produced by the same transient species of Mn(VII). 
17 
From the second path it appears that transient species is 
reacting with amino acid leading to the formations of Mn(lV) 
only. Thus the fate of Mn(VII) during the course of reaction 
may be represented as 
0 0 
Mn 
^ \ . 
0 0 
O 0 
+ I COOH .. :^  
K^ fa. 
Mn - O - ICOOH 
0 
<^ 
X o 
Mn - O - ICOOH 
[Mn(Vl)] + I'^ 'COOH ^a?t^ Mn(V) Mn 
2+ 
ICOOH 
Mn(lV) 
-> Mn(III) + Mn(IV) 
F I ICOOH 
Mn(ll) 
V slow 
Mn(ll) 
The overall rate expression reported is 
-d[Mn(VH)].^^ , k[lCOOH] 
— i^°*^^ = 1 2 [Mn(VII)], , , 
a+b[H"*"]+C[lCOOHj *°*3^ d t 
39 The k i n e t i c s of the oxida t ive degradat ion of leucine has 
been followed spectrophotometr ical ly at 525 nm for the d i s -
appearance of Mn(VIl) and at 420 nm for the appearance of 
18 
Mn(lV), The resul ts signify that the reaction is f i r s t order 
with respect to [MnO~]. The rate constant ky (for the d i s -
appearance of Mn(VII) has been evaluated at different [LCO.H] 
and [H J and at different temperature from the plot of A vs 
I- I- corr 
time. The overall rate satisfying the kinetic parameters is 
l.d[Mn(VII)]. . , f ,/^  o 4.1 
t^"(^^^>^total ^ ^ L ^ ° 2 2 o J 
I t i s also reported that the decorboxylation involves a cycl ic 
chain reaction. 
40 
The oxidation of serine by acid permanganate was i n v e s t i -
gated both in the absence and presence of SDS. I t has been shown 
that the presence of surfactant enhance the reaction r a t e . The 
reaction i s f i r s t order with respect to [Serine] and [MnO~], the 
reaction is retarded by [H ] in the absence of SDS but catalyzed 
in the presence of SDS. The overall r a t e expression for the 
reduction of Mn(VII) is given as 
d[Mn(VIl)]. 
dt 
and 
»1 = | k ; ^ + k^^/[H"^]l [Serine]^[Mn(VII)]. LtotaJ ^_ _ _ . . , , . , . , „ ^ . . . „ . . „ 
' t o t a l 
d[Mn(VII)]^ . , r ^ 1 
*°^^^ = ik[H^] + k«i [Serine]„[SDS][Mn(VIl)]^ ^ . 
d t L J tozax 
The reaction appears to involve a pa ra l l e l consecutive react ion 
mechanism. 
19 
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MATERIALS 
Chemicals used in t h e k i n e t i c s t u d i e s of o x i d a t i v e 
d e c a r o x y l a t i o n of l y s i n e in t h e p r e s e n c e and absence of 
sodium dodecyl s u l p h a t e (SDS) a r e l i s t e d i n T a b l e - 1 , a l o n g w i t h 
t h e i r r e s p e c t i v e g r a d e s . These r e a g e n t s were used as r e c e i v e d 
and were of h igh p u r i t y . 
T a b l e - 1 : L i s t of Reagen t s 
Name Symbol Q ^ g used S u p p l i e r 
L(+)Lysine 
Potass ium permanganate 
P e r c h l o r i c ac id 
Sodium d o d e c y l s u l p h a t e 
Sodium p e r c h l o r a t e 
Carbon t e t r a c h l o r i d e 
S i l i c a Gel-TLC 
P y r o g a l l o l 
Ninhydr in 
L 
MnO~=P" 4 
SDS 
AR 
AR 
GR 
AR 
AR 
AR 
AR 
AR 
AR 
BDH (England) 
Merc k-Germany 
Merck-Germany 
BDH-England 
BDH-England 
Merck - Ind ia 
Biogen I n d i a 
A l d r i c h 
K o c h - l i g h t ( E n g l a n d ) 
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Purification of sodium dodecvl sulphate : 
Sodium dodecyl sulphate (SDS) supplied by (BDH England) 
was generally used without further purification. To be sure 
of our results, sodium dodecyl sulphate was further purified 
50 gms of SDS was dissolved in 700 ml of 95?^  alcohol and heated. 
After filtration and cooling, white blades were obtained, which 
were again recrystallized from 95?» ethanol. The final product 
was dried in the vacuum desiccator. No significant change 
2 
appeared in our results. Georges and Chen have also followed 
the same procedure while studying the catalytic effect of 
sodium dodecyl sulphate (SDS). 
Solution oreparation : 
Deionized water was used after tripple distillation (the 
first time from a potassium permanganate solution) as solvent 
in the experiments. Solutions were prepared immediately before 
use in water by directly weighing the required quantity. 
Potassium permanganate solution, however, was prepared and 
3 
estimated by a standard method . Ionic strength was adjusted 
by adding sodium perchlorate. Appropriate quantity of sodium 
dodecyl sulphate (SOS) as solid was dissolved in the substrate 
solution. These reagents were added as solids so as to maintain 
a constant volume of the reaction mixture thus avoiding wastage 
26 
of the material. The kinetic stuay was made through wide 
range of amino acid, perchloric acid, sodium perchlorate and 
sodium dodecyl sulphate concentrations. The concentration of 
the oxidant was kept constant throughout the kinetic studies, 
as preliminary experiment showed that change in the concentra-
tion of oxidant had no effect on the reaction rate constants. 
The studies of different [NaClO.] show that there is no 
4 
effect of ionic strength on the rate of dissappearance of per-
manganate ion as well as on the formation of soluble (colloidal) 
manganese dioxide. 
For the analysis of product reaction condition were chosen 
as far as possible to match the conditions those of the kinetic 
runs. Acidified solution of the amino acid in large quantity 
were added to an appropriate volume of potassium permanganate. 
The solutions were allowed to stand till the reaction mixture 
became colourless. The reaction mixture was then neutralized 
by adding an alkali solution drop by drop and simultaneously 
checking the pH with litmus paper. Then an equal volume of 
carbon tetrachloride was added to the reaction mixture and the 
reaction vessel was put on a shaker, the solution was then 
continuously shaken for 6-8 hours. Subsequently, the whole 
solution was transferred to a separating funnel and the lower 
portion was eluted. The extraction from the reaction mixture 
was done three to four times both in the presence and absence 
27 
of SDS, This eluted portion was evaporated at a reduced 
pressure and was dried completely. The solid substance was 
collected in air tight bottles. TLC plates were coated with 
silica-gel - TLC of the extracted product and the corresponding 
amino acid was run on the same plate, Butanol, acetic acid 
and water mixture in the ratio of 4:1:5 (by volume) was used 
as solvent. The plate was taken out and dried in the oven at 
40 C and kept in the iodine chamber for developing. Only one 
spot was developed on the plate from the extracted substance 
and its R^ value was found to be different from the correspond-
ing amino acid. This clearly indicated that the excess of 
unreacted amino acid was not present in the extracted substance. 
The single spot of the extracted substance also indicated the 
purity of the reaction product. This was submitted to IR 
analysis. 
The kinetic studies were also performed in the presence 
of SDS keeping other conditions same as choosen for the kinetic 
experiments in the absence of the surfactant. After the com-
pletion of the reaction the same process of neutralization was 
employed as described above. Carbon tetrachloride was used to 
extract the products of the oxidation in the presence of SDS. 
Which gave a white precipitate on adding carbon tetrachloride. 
Rest of the procedure has already been described above. The 
extracted dry substance was submitted to IR analysis. 
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IR spectra were obtained with Perkin-Elmer 621 Spectro-
photometer (Calibrated with the 1601 cm absorption of poly-
styrene) in CCl., in Nujol, or as KBr disk. These IR spectra 
invariably show the peaks of amines. The presence of ammonia 
was confirmed by Nessler's reagent, the presence of aldehydes 
4 
was detected by the usual test as the reaction product. Other 
5 6 
workers * have also reported similar reaction products such as 
amine, CO^, ammonia and aldehydes. 
Carbondioxide evolved during the oxidation of amino acids 
in the presence and absence of SDS was measured over dilute 
sulphuric acid. To make sure that the evolved gas was only 
carbondioxide, it was passed through different interceptors. 
No gas could be collected when KOH was used as an interceptor 
and pyroggallol had no effect. The reaction vessel used for 
gasometeric purpose consisted of two connected conical flask. 
In one of the conical flask required reaction mixture was taken 
and KMnO. was kept in the other vessel. After allowing for 
thermal equilibrium to be attained, KMnO. solution was mixed 
with the rest by giving a slight till to the reaction vessel. 
Unreacted amino acid was quantitatively estimated by using 
usual Ninhydrin Test and measuring CO^ evolved. The coloro-
metric measurements were not satisfactory because amine produced 
also reacted with Ninhydrin, 
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Identification of free Radicals : 
The reaction studies were carried out in the temperature 
range of 30-4O C. The kinetic runs were done in excess of 
reductant (i.e. lysine) with respect to oxidant concentration 
(Permanganate) so that the later could be used as rate monito-
ring species. Permanganate ion shows a maximum of absorbance 
3 —1 —1 
at 525 nm (I = 2420+10 dm mol cm ) and is almost trans-
-j _ i _ 1 
parent to radiation at 420 nm (2 = 29.9+0,2 dm mol cm ). 
It was also verified that variation in perchloric acid concen-
tration from 0.5 to 0,20 mol dm did not significantly change 
the optical density or the position of maximum absorbance. 
The measurements of the optical density of the solution 
during the kinetic run was done by Bousch and Lomb Spectronic 
20 Spectrophotometer, 
Generally, the reaction was carried out in glass stoppered 
corning conical flasks at the required temperature. The tem-
perature was maintained in a thermostated water bath at ±0.1 C 
of desired value. 
Solutions of amino acid, perchloric acid and sodium per-
chlorate (generally added as solid to maintain the required 
ionic strength) were taken in the conical flask, an appropriate 
30 
volume of potassium permanganate was taken in another f l a s k . 
The two f lasks were kept in the thermostated bath for 15 
minutes to bring both the so lu t ions at thermal equi l ibr ium with 
t h e bath before s t a r t i ng the k i n e t i c run . Then oxidant was 
added to the acidif ied s o l u t i o n of amino acid and mixed t h r o u -
ghly by shaking. The r e a c t i o n was followed by p ipe t t i ng out 
2 ml r e a c t i o n mixture and adding i t to 2 ml i c e c h i l l e d water 
so as t o slow down the r e a c t i o n . The r a t e s were determined by 
monitoring the disappearance of permanganate a t 525 nm and by 
observing the r a t e of formation of t h e soluble ( c o l l o i d a l ) 
7-10 
manganese species a t 420 nm. Hussain and Ahmad and o t h e r s 
have a l so choosen the same wavelength while studying the p e r -
manganate oxidat ions . Al l the r e a c t i o n s were followed t i l l a t -
l e a s t 80?i of the r eac t ion was (measured in terms of dbsorbance 
at 525 nm) completed. The disappearance of yellow colour was 
a t t r i b u t e d to react ion with Mn(lV) and i t was also followed a t 
420 nm. 
Keeping the other cond i t ions same as used in the absence 
of SDS, the required SDS (> cmc >) was added as solid ( t o main-
t a i n the t o t a l volume) to the f lask conta in ing ac id i f i ed s o l u -
t i o n s of amino acid and throughly shaken to d i s so lve SDS. The 
f l ask was kept in a thermostat bath to a t t a i n thermal e q u i l i -
brium at the required t empera tu re . The o ther f lask c o n t a i n i n g 
31 
the solution of potassium permanganate was also allowed to 
attain the thermal equilibrium in the same bath. Then the 
two solutions were mixed and the disappearance of permanganate 
was measured at 525 nm by the usual procedure and the forma-
tion of (colloidal) manganese dioxide was measured at 420 nm. 
530 
The plot A^„ vs time at high amino acid concentration 
c orr 
gave an exponential decay curve. 
32 
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OXIDATION OF LYSINE IN THE ABSENCE OF SDS : 
T a b l e 2 + F i g u r e l a t o If 
Showing e f f e c t of t h e c o n c e n t r a t i o n of l y s i n e on t h e 
oDserved r a t e c o n s t a n t (k , ^ and k„ . ) . 
: 35 
Table-2: Effect of the concentration of lysine on absorbance 
at 530 nm in the absence of SDS. 
L y s i n e 
Time I 
0 
30 
60 
90 
120 
150 
180 
2 1 0 
2 4 0 
2 7 0 
300 
3 3 0 
3 6 0 
390 
4 2 0 
4 5 0 
4 8 0 
510 
5 4 0 
570 
600 
6 3 0 
6 6 0 
Temp, = 
[Mnop 
0.02M 
0 . 5 2 0 
0 . 5 0 5 
0 . 4 9 0 
0 . 4 8 0 
0 . 4 7 5 
0 . 4 6 5 
0 . 4 6 0 
0 . 4 4 5 
0 . 4 3 0 
0 . 4 0 0 
0 . 3 7 0 
0 . 3 3 0 
0 . 2 7 0 
0 . 2 2 0 
0 . 1 7 0 
0 . 1 1 5 
0 . 0 7 5 
0 . 0 5 5 
0 . 0 4 5 
0 . 0 3 5 
0 . 0 2 5 
0 . 0 2 0 
0 . 0 2 0 
0.04M 0.08M 
a b s o r b a n c e 
0 . 5 3 0 
0 . 5 1 0 
0 . 4 7 5 
0 , 4 5 0 
0 . 4 2 0 
0 . 3 8 0 
0 . 3 4 0 
0 . 3 0 0 
0 . 2 6 0 
0 . 2 2 0 
0 . 1 7 5 
0 . 1 3 5 
0 . 1 1 5 
0 . 1 0 0 
0 . 0 8 0 
0 . 0 7 0 
0 . 0 6 0 
0 . 0 5 0 
0 . 0 5 0 
30 °C, [H"^] = 0 , 2 0 
= 2 x 1 0 " ^ mol dm f 
0 . 5 2 0 
0 . 4 7 5 
0 . 4 3 5 
0 . 3 7 0 
0 . 2 9 0 
0 . 2 2 5 
0 . 1 7 0 
0 . 1 0 0 
0 . 0 6 0 
0 . 0 3 0 
0 . 0 1 5 
0 . 0 0 5 
0 . 0 0 5 
mol dm 
[SDS] : 
O.IOM 
a t 530 nm 
0 . 5 2 0 
0 . 4 7 5 
0 . 4 0 0 
0 . 3 4 0 
0 . 2 5 0 
0 . 2 0 0 
0 . 1 2 5 
0 . 0 8 0 
0 . 0 4 0 
0 . 0 2 0 
0 . 0 1 5 
0 . 0 1 0 
0 . 0 1 0 
" ^ , \i = 0 . 2 0 
= N i l . 
0.12M 
0 . 5 2 0 
0 . 4 6 0 
0 . 3 7 0 
0 . 3 0 0 
0 . 2 4 0 
0 . 1 8 5 
0 . 1 0 0 
0 . 0 5 0 
0 . 0 2 5 
0 . 0 1 5 
0 . 0 1 0 
0 . 0 1 0 
mol dm' 
0.16M 
0 . 5 2 0 
0 . 4 8 0 
0 . 3 8 0 
0 . 2 0 0 
-
0 . 0 3 0 
0 . 0 1 0 
0 . 0 1 0 
0 . 0 1 0 
0 . 0 1 0 
-3 
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Table 3 to 5 + Figure 2a to 21 
Showing ef fec t of [H ] on the observed r a t e cons tant 
^•^ lob ^"^ ^ 2 0 D ^ -
40 
TaDle-3 : E f f ec t of t h e [H ] on t h e absorbance a t 530 nm 
in the absence of SDS, 
[H-^] 0.20M 0.15M O.IOM 0.05M 
Time absoroance a t 530 nm 
O 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
450 
480 
510 
540 
570 
600 
630 
660 
690 
720 
750 
780 
810 
0 .525 
0 .510 
0 . 5 0 0 
0 . 5 0 0 
0 .495 
0 . 4 9 0 
0 .485 
0 .475 
0 .465 
0 . 4 6 0 
0.445 
0 .425 
0 .405 
0 .380 
0 .355 
0.32 0 
0 .285 
0 . 2 5 0 
0 . 2 1 0 
0 . 1 7 0 
0 .125 
0 .085 
0.060 
0 .045 
0 .035 
0 .025 
0 .015 
0 .010 
0 .525 
0 .510 
0 . 5 0 0 
0 .500 
0 .490 
0 .480 
0 .475 
0o465 
0 .455 
0 .440 
0 .425 
0 .400 
0.360 
0.335 
0.305 
0.265 
0 .215 
0 .175 
0 .130 
0 .075 
0 .050 
0 .030 
0 .020 
0 .010 
0 .005 
0 .005 
0 . 5 2 0 
0 . 5 0 5 
0 . 4 9 0 
0 . 4 8 0 
0 . 4 7 5 
0 . 4 6 5 
0,46O 
0 . 4 4 5 
0 . 4 3 0 
0 . 4 0 0 
0 . 3 7 0 
0 . 3 3 0 
0 . 2 7 0 
0 . 2 2 0 
0 . 1 7 0 
0 . 1 1 5 
0 . 0 7 5 
0 . 0 5 5 
0 . 0 4 5 
0 . 0 3 5 
0 . 0 2 5 
0 . 0 2 0 
0 . 0 2 
0 . 5 2 0 
0 .505 
0 .495 
0 .460 
0 .430 
0 .410 
0 .370 
0 .310 
0 .200 
0 .130 
0 .060 
0 .030 
0 .020 
0 .010 
0 .010 
0 .010 
Temp. = 30°C, [ L ] 
[MnO~] 2x10""^, mo 
= 0,02 mol dm~^, ja = 0 .20 mol dm~^. 
1 dm"^, [SDS] = N i l . 
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T a b l e - 4 : E f f e c t of t h e [H ] on t h e a b s o r b a n c e a t 530 nm 
i n t h e a b s e n c e of SDS. 
[H"^] 0.20M 0.15M O.IOM 0.05M 
Time i a b s o r b a n c e a t 530 nm 
0 O.53O 0 . 5 3 0 0 . 5 3 0 0 . 5 3 0 
3 0 0 . 5 2 0 0 . 5 2 0 0 . 5 1 5 0 . 5 0 0 
6 0 0 . 5 1 0 0 . 5 0 5 0 . 4 8 0 0 . 4 2 0 
9 0 0 . 5 0 0 0 . 4 8 0 0 . 4 5 0 0 . 3 6 0 
120 0 . 4 8 0 0 . 4 6 0 0 . 4 2 0 0 . 3 2 0 
1 5 0 0 . 4 7 0 0 . 4 4 0 0 . 3 8 0 0 . 2 6 0 
1 8 0 0 . 4 5 0 0 . 4 1 0 0 . 3 4 0 0 . 1 9 0 
2 1 0 0 . 4 3 0 0 . 3 8 5 0 . 3 0 0 0 . 1 4 0 
2 4 0 0 . 3 9 5 0 . 3 5 0 0 . 2 6 0 0 . 1 0 0 
2 7 0 0 . 3 8 0 0 . 3 2 0 0 . 2 2 0 0 . 0 7 5 
3 0 0 0 . 3 3 0 0 . 2 8 0 0 . 1 7 5 0 . 0 5 0 
3 3 0 0 . 2 9 0 0 . 2 3 0 0 . 1 3 5 0 . 0 4 0 
3 6 0 0 . 2 6 5 0 . 2 0 0 0 . 1 1 5 0 . 0 3 0 
3 9 0 0 . 2 3 0 0 . 1 6 0 0 . 1 0 0 0 . 0 2 0 
4 2 0 0 . 2 0 0 0 . 1 4 5 0 . 0 8 0 0 . 0 1 5 
4 5 0 0 . 1 7 0 0 . 1 2 2 0 . 0 6 0 0 . 0 1 0 
4 8 0 0 . 1 3 5 0 . 0 8 5 0 . 0 5 0 0 . 0 1 0 
5 1 0 0 . 1 1 0 0 . 0 6 0 0 . 0 4 0 0 . 0 1 0 
5 4 0 0 . 0 8 5 0 . 0 3 5 0 . 0 3 0 
5 7 0 0 . 0 6 5 0 . 0 2 0 0 . 0 2 0 
6 0 0 0 . 0 4 0 0 . 0 1 5 0 . 0 1 0 
6 3 0 0 . 0 3 5 0 . 0 1 0 0 . 0 1 0 
6 6 0 0 . 0 2 5 0 . 0 1 0 0 . 0 1 0 
6 9 0 0 . 0 1 5 0 . 0 1 0 
7 2 0 O.OlO 
7 5 0 0 . 0 1 0 
Temp. = 30°C, [ L ] ^ = 0 . 0 4 mol dm~^, H = 0 . 2 0 mol dm~^ 
[MnO^] = 2x10""* mol dm"^, [SDS] = N i l 
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Table-b: E f f e c t of the [H* ] on the absorbance at 530 nm 
In the absence of SDS. 
IH*] 
Time 
0 
15 
30 
45 
6 0 
75 
90 
105 
120 
135 
150 
165 
180 
195 
210 
225 
240 
255 
270 
285 
300 
315 
330 
345 
360 
375 
405 
420 
435 
450 
480 
540 
Temp. E 
[MnO;] 
0.20M 
0 . 5 2 5 
0 . 5 1 0 
(J. 49$ 
0 . 4 8 5 
0 . 4 7 0 
0 . 4 6 0 
0 . 4 4 0 
0 . 4 3 0 
0 . 4 1 0 
O.390 
0 . 3 7 5 
0 . 3 5 5 
0 . 3 4 O 
0 .32O 
0 . 3 0 5 
0 . 2 8 5 
0 . 2 6 0 
0 . 2 4 5 
0 . 2 2 5 
0 . 2 0 5 
0 . 1 8 5 
0 . 1 7 0 
0 . 1 5 0 
0 . 1 3 0 
0 . 1 1 5 
0 . 0 9 0 
U . 0 6 0 
0 . 0 4 0 
-
0 . 0 3 0 
0 . 0 2 0 
0 . 0 1 0 
30°C. [ L ] ^ 
• 2x10"'* mol 
0.15M O.IOM 
absorbance at 530 
0 . 5 2 0 
0 . 5 0 0 
0 . 4 9 0 
0 . 4 8 0 
0 . 4 6 0 
0 . 4 5 0 
0 . 4 2 5 
0.4O5 
0 .375 
0 . 3 5 0 
0 . 3 2 5 
0 .30O 
-
0.25O 
-
0 . 2 0 0 
-
0 .155 
-
0 . 1 1 5 
-
0 .085 
-
o.oto 
-
0.03O 
0 . 0 2 0 
-
0 , 0 1 0 
0 . 0 1 0 
= O.oa mol 
0 . 5 2 0 
O . 5 0 0 
-
0 . 4 6 0 
-
0 . 4 0 0 
-
0 . 3 2 0 
-
0 . 2 5 0 
-
0 . 1 8 5 
-
0 . 1 3 0 
-
0 .08O 
-
0 . 0 4 5 
-
0 . 0 2 0 
-
0 . 0 1 0 
-
o.oio 
. - 3 
dm~^. [SDs] = N i l . 
0.05M 
nm 
0 . 5 2 0 
0.50O 
-
0 . 4 4 0 
-
0.37O 
-
0.28O 
-
0 . 2 0 O 
-
0.13O 
-
0 . 0 7 0 
-
0 . 0 3 0 
-
0 .015 
-
0 .005 
-
0 . 0 0 5 
= 0 .2C mol dm-3 
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Table 6 to 8 ••• Figure 3a to 3i 
Showing ef fec t of temperature on the r a t e cons tan t 
50 
Table-6 : Effect of temperature on absorbance at 530 nm in 
the absence of SDS. 
Lysine 
Time 
0 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
450 
480 
510 
540 
570 
600 
630 
660 
690 
720 
750 
780 
810 
840 
870 
900 
Temp, = 
[MnO'4] 
0.02M 
1 absorbance 
0 .520 
0.515 
0 .510 
0 .500 
0 . 4 9 0 
0.485 
0 .480 
0.475 
0.465 
0.455 
0.445 
0 ,440 
0.435 
0 .430 
0 .420 
0 .410 
0 .400 
0.385 
0 .340 
0 .300 
0 . 2 8 0 
0.255 
0 .210 
0 .170 
0 .140 
-
0 .100 
-
0.075 
-
0 .040 
30°C, [H"^] = 0 . 2 0 
=2x10""^ mol dm~3, 
0.04M 
a t 530 nm 
0 . 5 2 0 
0 . 5 1 0 
0 . 5 0 0 
0 . 4 9 0 
0 . 4 8 0 
0 . 4 7 0 
0 . 4 5 5 
0 .435 
0 .425 
0 .415 
0 .395 
0 .385 
0 .375 
0 .335 
0 . 3 0 0 
0 .275 
0 . 2 5 0 
0 . 2 2 0 
0 . 2 0 0 
0 . 1 7 0 
0 . 1 4 0 
0 .115 
0 . 0 9 0 
0 . 0 6 0 
0 . 0 4 0 
0 . 0 3 0 
0 .025 
0 . 0 2 0 
0 .015 
0 . 0 1 0 
0 . 0 1 0 
mol dm , |i = 
[SDS] = N i l 
0.08M 
0.51O 
0 . 5 0 0 
0 .480 
0 .460 
0 .435 
0 .415 
0 . 3 8 0 
0 .360 
0 .330 
0 . 3 0 0 
0 . 2 7 0 
0 .245 
0 .225 
0 . 2 0 0 
0 . 1 8 0 
0 . 1 6 0 
0 . 1 4 0 
0 . 1 1 0 
0 . 0 8 0 
0 .065 
0 . 0 5 0 
0 .045 
0 . 0 4 0 
0 .035 
0 . 0 3 0 
0 . 0 3 0 
-
0 . 2 0 mol dm""^, 
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-^•0 
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[L j=0-04moldrn -3 
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Figure3b Plot of InCff-g,) VS time in the absence of SD5 
Temp-30'c,[H"*]=0-20molclfr?, Xl = 0-20moldm"', 
'MnO;] =2X10moldm, rSDSl = Nil 
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Tabl*-7 I E f f t c t o> t *mpei«turt on abtortarKv at S30 nai 
In the abaanc* of SOS. 
Lyaina 
Tina 1 
0 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
160 
195 
2 1 0 
2 2 5 
2 4 0 
2 5 5 
2 7 0 
2 8 5 
3 0 0 
315 
3 3 0 
3 4 5 
3 6 0 
3 7 5 
3 9 0 
4 0 5 
4 2 0 
4 3 5 
4 5 0 
4 6 5 
4 8 0 
5 1 0 
5 4 0 
5 7 0 
6 0 0 
tx 
660 
690 
720 
7t>0 
760 
610 
Taaip. - 33°C, 
(MnO~] « 2 i l O 
0.02M 
0 . 5 2 5 
0 . 5 2 0 
-
O,500 
-
o-5"oo 
-
0 . 4 9 5 
-
0 . 4 9 0 
-
0 . 4 8 5 
-
0 . 4 7 5 
-
0 . 4 6 5 
-
0 . 4 6 0 
-
0 . 4 4 5 
-
0 . 4 2 5 
-
0 . 4 0 5 
-
0 . 3 8 0 
-
0 . 3 5 5 
-
0 . 3 2 0 
-
0 . 2 6 5 
C .250 
O.210 
O.170 
0 . 1 2 5 
o.oeS 
0 . 0 5 0 
0 . 0 3 5 
O.OJ5 
O.tMtt) 
O.OIO 
O.OIO 
[H*] , 0 
"•' M l * » • 
0.04M 
aLisorbsrxa at 5JCi nn 
0 . 5 2 5 
0 .5 iO 
-
0 . 4 9 5 
-
0 . 4 9 0 
-
0 . 4 8 0 
-
0 . 4 7 0 
-
0 . 4 5 5 
-
0 . 4 3 0 
-
0 . 3 9 5 
-
0 . 3 6 5 
-
0 , 3 3 0 
-
0 . 2 9 0 
-
0 . 2 6 5 
-
0 , 2 3 0 
-
0 . 2 0 0 
-
0.17O 
-
0 . 1 3 5 
0 . 1 1 0 
0 . 0 6 5 
0 . 0 6 5 
0 . 0 4 0 
0 . 0 2 5 
O.CIS 
O.CIO 
O.OIO 
2 0 nol dn '^ . H • C.gO 
•^. | S 0 3 ] « NIJ. 
0 . 0 8 f 4 
0 . 5 2 5 
-
0 . 4 8 5 
-
0 . 4 6 0 
-
0 . 4 3 0 
-
• 0 . 3 9 0 
-
0 . 3 5 5 
-
0 . 3 2 0 
-
0 .285 
-
0 . 2 4 0 
-
0 . 2 0 5 
-
0.17Q 
-
0 . 1 3 0 
-
0 . 0 9 0 
-
0 .06O 
-
0 . 0 3 0 
-
0 . 0 2 0 
0 . 0 2 0 
nol dm~ 
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Figure3f Plotof InCfj^-Fi,) VS time in theabsence of SDS 
Temp = 35C, [H*]=020moldrT?, JU= 0-20moldm, 
[Mnqj=2X10^moldm^[S0^-r^il 
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Table-8 : Effect of tempera ture on absoroance at 530 nm in 
the absence of SDS. 
Lys ine 
Time 1 
0 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
450 
480 
510 
540 
600 
630 
Temp, = 40°C, 
[MnO^] = 2x10 
0.02M 
0.525 
0 .520 
0 .510 
0 . 5 1 0 
0 .500 
0 .490 
0 . 4 8 0 
0.465 
0.450 
0 . 4 2 0 
0 .390 
0 .350 
0 .310 
0 .260 
0 .220 
0 .160 
0.125 
0 .100 
0 .090 
0 .080 
0 .080 
[H"^] = 0 . 2 0 
mol dm , 
0.04M 
a b s o r b a n c e a t 
0 , 5 2 5 
0 . 5 1 0 
0 . 5 1 0 
0 . 4 9 0 
0 . 4 8 0 
0 . 4 6 0 
0 . 4 3 5 
0 . 4 0 5 
0 . 3 7 0 
0 . 3 2 0 
0 . 2 7 0 
0 , 2 1 5 
0 , 1 6 0 
0 . 1 1 0 
0 . 0 8 0 
0 . 0 5 5 
0 , 0 3 5 
0 . 0 2 0 
0 , 0 1 0 
0 . 0 1 0 
mol dm~ , \i = 
[SDs] = Nil 
530 
0 . 2 0 
0.08M 
nm 
0.525 
0 . 5 0 0 
0 .475 
0 .440 
0 .385 
0 ,330 
0 .280 
0 ,220 
0 ,170 
0 ,120 
0.085 
0 .060 
0 .040 
0 .025 
0 .015 
0 .010 
0 .010 
mol dm" 
(3 ci)^\ 
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Figure3i Plotofln(f^-g) VS time intheabsenceof SD^ 
Temp=40Q,fH*] = 0'20moldm^JU=0-20rnoldiT?, 
rMndi]=2Xl6^moldiTj[sDS]sNril 
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OXIDATION OF LYSINE IN THE PRESENCE OF SDS : 
Table 9 -»• F i g u r e 4a t o 4e 
Showing e f f e c t of t h e c o n c e n t r a t i o n of l y s i n e on 
t h e observed r a t e c o n s t a n t (kf , and k^ , ) . 
l ob 2ob 
60 
Table-9 : Effect of the concen t ra t ion of lys ine on the 
absorbance at 530 nm in the presence of SDS. 
L y s i n e 
Time i 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
180 
195 
2 1 0 
225 
240 
255 
270 
Temp. = 
[MnO^] 
0.02M 
0 . 5 1 0 
0 . 4 6 0 
0 . 4 2 5 
0 . 4 0 0 
0 . 3 6 0 
0 . 3 2 0 
0 . 2 8 0 
0 . 2 3 0 
0 . 1 7 5 
0 . 1 1 1 
0 . 1 0 0 
0 . 0 7 0 
0 . 0 5 0 
0 . 0 4 0 
0 . 0 3 0 
0 . 0 2 5 
0 . 0 2 0 
0 . 0 1 5 
0 . 0 1 5 
0.04M O.IOM 
a b s o r b a n c e a t 5 3 0 
0 . 5 1 0 
0 . 4 4 0 
0 . 4 1 5 
0 . 3 7 5 
0 . 3 4 0 
0 . 2 9 5 
0 . 2 6 0 
0 . 2 1 5 
0 . 1 8 0 
0 . 1 5 0 
0 . 1 1 5 
0 . 0 9 0 
0 . 0 6 5 
0 . 0 4 0 
0 . 0 3 0 
0 . 0 2 0 
0 . 0 1 5 
0 . 0 1 0 
0 . 0 1 0 
30°C, [H"*"] = 0 . 2 0 
= 2x10""^ mol dm , 
0 . 5 1 0 
0 . 4 0 0 . 
-
0 . 2 5 0 
0 . 1 9 0 
0 . 1 4 0 
0 . 0 9 0 
-
0 . 0 4 0 
— 
0 . 0 2 0 
-
-
0 . 0 1 0 
0 . 0 1 0 
mol dm" , 
[SDS] = 0 
0.12M 
nm 
0 . 5 1 0 
0 . 4 0 0 
-
-
0 . 1 6 0 
0 . 0 9 5 
0 . 0 6 0 
0 . 0 4 5 
0 . 0 2 5 
-
0 . 0 1 0 
\x = 0 . : 
. 0 1 mol 
0.16M 
0 . 5 1 0 
0 . 3 7 5 
-
0 . 1 5 0 
0 . 0 6 5 
0 . 0 2 0 
0 . 0 1 0 
-
0 . 0 0 5 
0 . 0 0 5 
_3 
20 mol dm , 
dm"^ . 
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Figure4c Plotof In( f f -g) VS time in the presence of SDS 
Tennp=30''c,[H*] = 0-20mol<lm^ U'020mo\ dm] 
[MnOj =2X10rnol cJnfi,fSDS] =0-10mol dm 
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Table 10 t o 12 + F i g u r e 5a t o 51 
Showing e f f e c t of t h e [H ] on t h e observed r a t e 
C( l ons t an t (k, . and k^^.j. lob °"^ •^2ob' 
65 
T a b l e - 1 0 : E f f e c t of t h e [H ] on a b s o r b a n c e a t 530 nm i n 
t h e p r e s e n c e of SDS. 
[H"*"] 0.20M 0.15M O.IOM 0.05M 
Time i a b s o r b a n c e a t 530 nm 
O 0 . 4 7 5 0 . 4 7 5 0 . 4 7 5 0 . 4 7 5 
15 0 . 4 0 0 0 . 4 1 5 0 . 4 1 5 0 . 4 3 0 
30 0 . 3 7 0 0 . 3 7 5 0 . 3 7 5 0 . 3 7 5 
45 0 . 3 4 0 0 . 3 4 0 0 . 3 3 0 0 . 3 2 0 
6 0 0 . 3 1 5 0 . 3 0 5 0 . 2 9 5 0 . 2 6 0 
75 0 . 2 8 0 0 . 2 6 5 0 . 2 5 0 0 . 1 9 5 
90 0 . 2 5 0 0 . 2 2 5 0 . 2 0 0 0 . 1 4 5 
105 0 . 2 2 0 0 . 1 9 5 0 . 1 6 5 O.IOO 
120 0 . 1 8 5 0 . 1 5 5 0 . 1 3 0 0 . 0 7 0 
135 0 . 1 5 5 - 0 . 1 0 0 0 . 0 5 0 
150 0 . 1 3 5 0 . 0 9 5 0 . 0 7 5 0 . 0 3 5 
165 - - 0 . 0 6 0 0 . 0 3 0 
180 0 . 0 9 0 0 . 0 6 0 0 . 0 4 5 0 . 0 2 0 
195 - - 0 . 0 3 5 0 . 0 1 5 
2 1 0 0 . 0 5 0 0 . 0 3 5 0 . 0 2 5 0 . 0 1 0 
2 2 5 - - 0 . 0 2 5 0 . 0 1 0 
2 4 0 0 . 0 3 5 0 . 0 2 0 0 . 0 1 5 O.OIQ 
2 5 5 - - 0 . 0 1 5 
2 7 0 0 . 0 2 5 0 . 0 1 5 0 . 0 1 5 
3 0 0 0 . 0 2 0 0 . 0 1 5 
3 3 0 0 . 0 2 0 
Temp. = 30°C, [ L ] ^ = 0 . 0 2 mol dm~^, p. = 0 . 2 0 mol dm"^, 
[MnO^] = 2x10" '* mol dm~^, [SDS] = 0 . 0 1 mol d m " ^ . 
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T a b l e - 1 1 : E f f e c t of t h e [H ] on t h e a b s o r b a n c e a t 5 3 0 nm 
i n t h e p r e s e n c e of SDS. 
[H"^] 0.20M 0.15M O.IOM 0.05M 
Time i a b s o r b a n c e a t 530 nm 
0 0 .480 0 . 4 4 0 0 . 4 8 0 0 .480 
15 0 . 4 4 5 0 . 4 1 0 0 . 4 2 5 0 . 4 1 5 
3 0 0 . 4 1 0 0 . 3 7 5 0 . 3 7 0 0 . 3 5 0 
45 0 . 3 6 0 0 . 3 3 5 0 . 3 2 5 0 . 3 0 0 
6 0 0 . 3 2 5 0 . 3 0 5 0 . 2 8 5 0 . 2 4 5 
75 0 . 3 0 0 0 . 2 6 5 0 . 2 5 0 0 . 1 9 0 
90 0 . 2 6 5 0 . 2 3 0 0 . 1 9 5 0 . 1 4 0 
105 0 . 2 3 0 0 . 1 9 5 0 . 1 5 5 0 . 0 9 5 
120 0 . 1 9 5 0 . 1 6 0 0 . 1 2 5 0 . 0 7 0 
135 0 . 1 6 0 0 . 1 2 5 0 . 0 9 5 0 . 0 4 5 
150 0 . 1 4 0 0 . 0 9 0 0 . 0 7 5 0 . 0 3 0 
165 0 . 1 0 0 0 . 0 7 0 
180 0 . 0 7 5 0 . 0 6 0 0 . 0 4 5 0 . 0 1 5 
195 0 . 0 6 0 0.O5O 
2 1 0 0 . 0 5 0 0 . 0 4 0 0 . 0 2 5 0 . 0 1 0 
2 2 5 - 0 . 0 2 5 
2 4 0 0 . 0 3 0 0.O2O 0 . 0 1 0 0 . 0 1 0 
2 7 0 0 . 0 2 5 0 . 0 1 0 0 . 0 1 0 
300 0 . 0 1 5 0 . 0 1 0 
3 3 0 0 . 0 1 5 
Temp. = 30°C, [ L ] = 0 . 0 4 mol dm"^ , ^ = 0 . 2 0 mol dm~^, 
[MnO~] = 2x10""^ mol dm""^, [SDS] = 0 . 0 1 mol dm~^. 
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Table-12 : Effect of the [H ] on absorbance at 530 nm 
in the presence of SDS. 
[H"*"] 0.20M 0.15M O.IOM 0.05M 
Time j absorbance at 530 nm 
0 
15 
3 0 
4 5 
60 
75 
90 
105 
120 
135 
150 
180 
210 
240 
270 
300 
0.485 
0.390 
0.355 
0.315 
0.270 
0.230 
0.195 
0.165 
0.135 
-
0.075 
0.040 
0.025 
0.015 
0.010 
0.010 
0.485 
0.385 
0.340 
0.295 
0.245 
0.205 
0 .170 
0 .140 
0 .110 
0 .090 
0 .060 
0 .030 
0 .010 
0 .010 
0.485 
0.385 
0.315 
0.255 
0.210 
0 .160 
0 .120 
0.095 
0.070 
0.060 
0.045 
0.020 
0.010 
0.010 
0.485 
0.385 
0.290 
0.200 
0.125 
0.090 
0.045 
0.035 
0.030 
0.020 
0.010 
0.010 
"^, A^ = 0.20 mo' "- ^  
-4 , . -3 ^^ r^ „^  ^ ^ , , . -3 
Temp. = 30°C, [L] = 0.08 mol dm  \i l dm 
[MnO^] = 2x10"^ mol dm '^, [SDS] = 0.01 mol dm 
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Table 13 to 15 + Figure 6a to 6i 
Showing effect of temperature on the observed rate 
constant (^IQ^^ a"cl ^2^)^^). 
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Table -13 : E f fec t of t e m p e r a t u r e on a b s o r b a n c e a t 530 nm 
i n the p r e s e n c e of SDS 
Lysine 0.02M 0.04M 0.08M 
Time I abso rbance a t 530 nm 
O 0.505 0 .485 0 .485 
15 0 .475 0 .455 0 . 4 3 0 
30 0 .450 0 .420 0 ,385 
45 0 .415 0 .395 0 .355 
60 0 .370 0 .360 0 .320 
75 0.345 0 .345 0 . 2 9 0 
90 0.315 0 .315 0 . 2 6 0 
105 0.295 0 .285 0 .235 
120 0 .275 0 .265 0 .205 
135 0 . 2 5 0 0 .235 
150 0 .225 0 .215 0 . 1 6 0 
165 — 0 . 1 9 0 0 . 1 4 0 
180 0 . 1 8 0 0 . 1 7 0 0 . 1 2 0 
195 0 .160 0 . 1 5 0 0 . 1 0 0 
210 0 . 1 5 0 0 .135 0 . 0 8 0 
225 0 .135 -
240 0 .115 0 . 1 1 0 0 . 0 6 0 
270 0 . 1 0 0 0 . 0 8 0 0 . 0 4 0 
300 0 .085 0 . 0 6 0 0 .020 
330 0 . 0 6 0 0 . 0 4 0 0 .020 
360 0 .050 0 . 0 3 0 
390 0 .040 0 . 0 3 0 
420 0 .040 
450 0 .040 
Temp. = 30°C, [H"*"] = 0 . 2 0 mol dm"^, }i = O. ,:0 naol dm~^, 
[MnO^] = 2x10-"* mol dm"^, [sDS] = 0 . 0 1 mol dm"^. 
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Q.8 
I 
-4-0 -
- 30 
-20 
-10 
[ L ] ^ - OOSmoldfW -3 
l<2^t,r 20-00 Xld^min^ / • 
k, = 8-33X10 min^ 
lob 
60 120 160 
Time/min 
240 300 
RgureSc Plot of ln(ff - P) VS time in the presence of SDS 
Temp=3(fc,[H*]=0-20moldrf?^JU =0-20moldrf? 
[MHO^] =2X10'mol dm^ [SDS]=0Otmol dm^ 
^ ^ ' ^ ^ 
AZAD 
^ 
f ^ 
-> 
AacNo. 
^ f t S % ^ ^ 9 J 
s^ iTiTuNivtft'^ '' 
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Table -14 : Ef fec t of t e m p e r a t u r e on abso rbance a t 530 nm 
in t h e p r e s e n c e of SDS. 
Lys ine 0.02M 0.04M 0.08M 
Time [ abso rbance a t 530 nm 
0 0.495 0 .485 0 .485 
15 0.470 0 . 4 5 0 0 . 3 9 0 
30 0.440 0 . 4 0 0 0 .355 
45 0 .405 0 .375 0 .315 
60 0 .375 0 .335 0 . 2 7 0 
75 0 . 3 4 0 0 .305 0 . 2 3 0 
90 0 .300 0 .270 0 .195 
105 0 .275 0 .240 0 .165 
120 0 .225 0 . 2 0 0 0 .135 
135 - 0 . 1 6 0 0 . 1 1 0 
150 0 .185 0 .14 0 0 .075 
165 - 0 . 1 0 0 
180 0 .115 0 .075 0 . 0 4 0 
195 0 . 0 9 0 0 . 0 5 0 
210 0 .065 0 . 0 4 0 0 .020 
240 0 . 0 5 0 0 .030 0 . 0 1 5 
270 0 .040 0 . 0 2 0 0 . 0 1 0 
300 0 .030 0 .015 0 . 0 1 0 
330 0 .030 0 .015 
Temp. = 35°C, [H"*"] = 0 . 2 0 mol dm"^, ^ = 0 . 2 0 mol dm"^ 
[MnO"] = 2x10""* mol dm""" ,^ [SDS] = 0 . 0 1 mol dm~^. 
(3 - i )u i 
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I 
-5-0 
- 50 -
-^•0 
-30 
-20 
-10 
[L]'008nnoldnr? 
L :2fr67Xld^min 
k^, = laOOXIO^min^ 
lob 
60 240 120 180 
TimeJmin 
FigureSf Rot of ln{f^ - g) VS fime in the presence of SOS 
Temp=35'b, [H'^]=0-20mol drri^ , jU ^ 0-20mol drr? 
[MnO^] =2X10^mol drT?,fSDS] =001mol dn^ . 
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T a b l e - 1 5 : E f fec t of t e m p e r a t u r e on a b s o r b a n c e a t 530 nm 
in t h e p r e s e n c e of SDS, 
Lys ine 0.02M 0.04M 0.08M 
Time i abso rbance a t 530 nm 
0 . 4 8 0 
0 . 3 6 0 
0 .315 
0 . 2 6 0 
0 .205 
0 .160 
0 .115 
0 .080 
0 .050 
0 .030 
0 .020 
0 .015 
0 . 0 1 0 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
180 
210 
240 
270 
0 .500 
0 .450 
0 .400 
0 .350 
0 .310 
0.250 
0 .200 
0.155 
0 .115 
0 .075 
0 .050 
0.035 
0 .030 
0.025 
0 .020 
0.020 
0 . 4 9 0 
0 . 4 0 0 
0 .355 
0 . 3 0 0 
0 .245 
0 . 2 0 0 
0 .155 
0 .115 
0 . 0 8 0 
0 . 0 5 0 
0 . 0 3 0 
-
0 . 0 2 0 
0 .015 
0 .015 
_ 
Temp. = 40°C, [H"*"] = 0 . 2 0 mol dm"^, |i = 0 . 2 0 mol dm"^ 
[MnO^] = 2x10""^ mol dm"^, [SDs] = 0 . 0 1 mol dm"^. 
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I 
Qr-
-6-0 
-5-0 
-i-O 
- 3 0 -
- 2 0 -
- 1 0 -
, l<2|^S00X10min^ 
[L]^ = a08moldrYi^ 
l<; .= 15-OOXlOmin" 
'OD 
0 60 120 160 
Time/min 
Figure6i Piolof In( fJ-g) VS time in presence of SDS 
Temp='^0C,[H*]=0'20mol drT?,JU = 020mo\ drr?, 
rMn02|=2X10mol dm,[SDS]= OOlmol dm"^  
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Table 16 + F i g u r e 7a t o Td 
Showing e f f e c t of t h e [SDs] on t h e observed r a t e 
c o n s t a n t (kf j^ and Ic^ j^ ) . 
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Table -16 : E f f e c t of t h e c o n c e n t r a t i o n of SDS on 
abso rbance a t 530 nm. 
[SDS] O.OIM 0.02M 0.03M 0.04M 
Time I absorbance a t 530 nm 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
180 
195 
210 
240 
270 
300 
330 
0.485 
0.450 
0 .400 
0.375 
0.335 
0.305 
0.270 
0.240 
0.200 
0.160 
0.140 
0.100 
0.075 
0.050 
0.040 
0.030 
0.020 
0.015 
0.015 
0.450 
0.340 
0.300 
0.245 
0.200 
0.155 
0.105 
-
0.055 
-
0.035 
-
0.020 
0.020 
0.410 
0.2 65 
0 .200 
0.145 
0.095 
0.065 
0.045 
-
0.030 
-
0.020 
0.020 
0.375 
0.200 
0.130 
0.070 
0.040 
0.025 
-
0.015 
0.015 
-
Temp. = 30°C, [H"^] = 0 . 2 0 mol dm"^, ji = 0 . 2 0 mol dm"^ 
[MnO^] = 2x10"'* mol dm""^, [ L ] = 0 . 0 4 mol dm""^. 
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RESULTS AND DISCUSSION 
In t h e acid mediuin L y s i n e [L] i s assumed t o be c o m p l e t e l y 
p r o t o n a t e d [LH ] . I t i s a l s o s a f e t o assume t h a t permanga-
n a t e i s comple te ly d i s s o c i a t e d in t h e r e a c t i o n medium. The 
r e a c t i o n k i n e t i c s of o x i d a t i v e d e g r a d a t i o n of l y s i n e a p p e a r s 
t o f o l l o w a two-phase k i n e t i c s because t h e p l o t of In ( P . - P ^ ) 
(p. and P^ a re absorbance v a l u e s a t t ime t and a f t e r c o m p l e -
t i o n of t h e r e a c t i o n r e s p e c t i v e l y ) vs t ime i s found t o g i v e a 
b reak under a l l the e x p e r i m e n t a l c o n d i t i o n . In t h e i n i t i a l 
s t a g e s t h e r e a c t i o n i s s low and fo l lows pseudo f i r s t o r d e r 
k i n e t i c s whereas in t h e l a t e r s t a g e s t h e r e a c t i o n becomes t h e 
r a p i d and a u t o c a t a l y z e d . I t appea r s t h a t manganes ( l l ) i s 
r e s p o n s i b l e fo r the a u t o c a t a l y s i s . The s l o p e s of t h e p l o t 
In ( P . - P ^ ) vs time g ive t h e pseudo f i r s t o r d e r r a t e c o n s t a n t s 
'^lob ^"^ '^2ob ^ s s p e c t i v e l y . The dependence of k, , and k^ , on 
o t h e r r e a c t i o n parameters such as l y s i n e c o n c e n t r a t i o n , hydrogen 
ion c o n c e n t r a t i o n and t e m p e r a t u r e have been i n v e s t i g a t e d . The 
dependence of t h e r a t e c o n s t a n t k, , on [ l y s i n e ] and [H ] show 
a complex k i n e t i c s . I t i s found t h a t t h e p l o t s of l / k . v s 
1 / [ L ] Q and U^^^^ vs [H ] a r e l i n e a r . These f e a t u r e In t h e 
background a two phase k i n e t i c ^ o d e l has been proposed as 
u n d e r . 
(A) Mechanism and K i n e t i c s of t h e slow phase : 
89 
Mechanism : 
L + H"^  ^ LH"*" . . . ( l ) Lysine i s c o m p l e t e l y 
p r o t o n a t e d 
HP ^ P~ + H"^  . ^ . . . ( 2 ) Permanganic a c i d i s 
comple te ly i o n i z e d . 
LH + P " ^ -^  ^ LHP " . . . ( 3 ) Permanganate fo rms 
complex wi th p r o t o -
na ted l y s i n e . 
LHP ^ "^  "^  LP" + H . . . . ( 4 ) Depro tona ted complex 
LP~ i s t he r e a c t i v e 
s p e c i e s . 
LP~ — - — ^ r . . . ( 5 ) Depro tona ted complex 
decomposes u n i -
m o l e c u l a r l y . 
D e r i v a t i o n of the r a t e e x p r e s s i o n 
From t h e above mechanism t h e e q u i l i b r i u m K, and K^ may 
be d e f i n e d as 
[LHP] [H-^][LP-] 
K, = ; and K^ =-
'^ [LH'^JLP"] 2 " [LHP] 
a l s o , 
Kj_2 - ^1^2 
[H^][LP-] 
[LH^][P"] 
?0 : 
At any t ime the t o t a l c o n c e n t r a t i o n of manganese(VII) 
p r e s e n t i n d i f f e r e n t forms such as f r e e permanganate ion [P • 
l y s i n e permanganate complex [LHP] and i t s d e p r p t o n a t e d s p e c i e 
[LP ] may be expressed as 
[Pj] = [P~] + [LHP] + [LP~] 
The c o n c e n t r a t i o n of t h e complex [LP ] may be o b t a i n e d from 
t h e mass e q u a t i o n and e q u i l i b r i a K, and K-, 
, , [H^][LP-] ^ _^ [H-^][LP-] 
[Py] = r^TT' + tLP ] + 
[LP-] = 
12'- •• "2 
K2[H''] + K^^^iUi^] + K^^[H^][Ui*-] 
K 2 1 2 [ P 7 K L H ' ' ] 
K2[H+] + K^^^iUi"-] + K^2t"' '^tLH"'] 
[Lp- ] 
Using t h e above e x p r e s s i o n f o r t h e c o n c e n t r a t i o n of 
complex, LP , the r a t e e x p r e s s i o n may be o b t a i n e d as under 
r a t e = k [LP*] 
K2[H'^] + K2;L2'^"^'*"^ -^ ^^2^lti^'^^^^'^ 
g i v i n g . 
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molclm nf 
Figure 1 Plotoft /k^ ^ ^ W W "^  the absence of SOS 
Temp,3o*'c [H1= 0-2 inol dm, /U-0-20 mol dm , 
[MnO^]=2Xid*moldrT?, [sosj^Nil 
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—TT ^^ ^ 
where, 
k[ = K2[H''] 
k 1 — k K_ K1 ^ 
^ 2 1 2 ~ ^ 2 * ^ 1 2 
Using equation ((>) and (7) under different experimental 
conditions the relationship of the observed rate constant, 
k, . and [L] and relationship between k, . and [H ] may be 
expressed as follows : 
(a) At constant hydrogen ion concentration equation (7) gives, 
k? [L]^ 
k , u lob k[ + k|'[L]^ 
k* k* • 
±. 1 ^ ^1 
''lob kj [L]^ kj 
[H^] 1 (ylH-^J) (8^ 
• l^ob ' ^^12 [L]^ kK, 
o 2^ 
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l-6h 
o 
• o 
0 0-0 5 OtO 0-15 0-20 
[H'^j/moldm 
Figure2a Plotof l/k^ V s M i n the absence 
of 5DS 
Temp=30CiL]=0-02 moldm^jU=020moldm, 
[MnO"]=2Xl6moldrn^ [SDS|=Nil 
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6 
o 
T^o 0-^ -
020 
[H]/moI dm'' 
Figure2bPiotof l / k Vsf H"*] in the absence of SOS 
Temp =300, [L]=0-0^moldraJLl = 0-20moldrfi' 
rMnO^]=2Xl6moldnn^, [SDS]=Nir 
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C 
0-8 
^ o 
' o 0-i 
015 
moldm 
0-20 
Figure2cPlotof l/k^ YsfH^j in the absence of SDS 
Temp = 30°C,[L]^=0-08moldm^JU=0-20nnoldrf?. 
MnCi^  =2X10^moldrn^[sDSJ=Nil 
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equation (8) predicts a l inea r plot between ^/^^Q^ VS 1 / [ L ] ^ 
which is verified in f igure 1. 
(b) At constant lysine concentration using equation (6) the 
re la t ion between k-, j^ ^ ^"^ ^^ ^ ^^y ®^ obtained. 
k 
k^ [L] 
lob ^ 
K2[H-'] + K^2'^""'^'^^^o + ^2l2^^^o 
1 _ K2(1+K^[L]^)[H^] K^^^^^^o 
' ' lob " k°[L]^ " kJ[L]^ 
^^2^12 o kK2Kj^ 2 
= - - — . [H^] + (9) 
kK^2[L]o ^ 
equation (9) predict a l i nea r plot between l/kj^^^^ vs 
This behaviour is verif ied by figure 2ao Furthermore, the 
reciprocal of the intercept of the above plot gives k and i t 
i s also observed that at different lysine concentration the 
plot l/k,Qj^ vs [H"*"] gives the same intercept (Fig. 2b, 2c) 
-3 -1 which give the average value of rate constant, k, 8.58x10 min 
A plot between 1 / [L] and slope of the l ines obtained from the 
above slope(9) at different lysine concentration is also found 
to be l inear . 
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Figures P!otof[sH*) VS I / [ L J ^ in the absence of SOS 
: 98 : 
s lope(9) = 1/kK,^ (1 / [L]^) + l/kK„ . . ( 9 ' ) 
"12 
as shown in f igure 3. Using the values of incerceptsand s lope 
of these l i n e s K, and K^ may be evaluated 
I n t e r c e p t ( 9 « 
0 .4x10^ = 
T h e r e f o r e , 
^2 -
' ) 
8< 
1 
kK^ 
1 
.SBxlO'^^x 
1 
•3 
iK^ 
1 
8.58x10 "'x0.4xl0^ 
K2 = 0.29 mol dm~^ 
s l o p e ( 9 * ) = 
0 . 1 2 x 1 0 ^ = 
T h e r e f o r e , 
'^l = 
•^1 = 
1 
kKj^ K^ 
1 
8 . 5 8 x l O ' \ o . 2 9 x K j ^ 
1 
8 . SBxlQ-'^xO. 2 9 x 0 . 1 2 x 10^ 
- 1 3 3 . 3 mol dm 
99 
Evaluation of K,, K„ and k from equation (8) and (9). 
Using the slope of equation (S) and the value of 
-3 -1 
k = 8.58x10 min , we can get the value of Kj^2 ^^* 
slope 
^12 ^ 
, (8) = 
kKj^^ 
k.-fslope(8)| 
0.2 
8.58x10 ^xO.024x10^ 
K,2 = C)'97 number 
Using the slope of equation (8) and the values of k and 
K,^ as above we can estimate the value K. and K individually 
1 + K [L] 
slope = — From figure 2a 
kK^^tLJo 
[kK^2tL]o(slope)-l] 
o 
putting the values of k, K,^, slope and [L] , we get 
.j^2. --"H- c-- L - J Q . 
8.58xlO~^x0.97xO.C 
K. 
10 O 0 02x6.4x10^-1 
•'• 0.02 
K^ = 3.26 mol"-"- dm^ 
100 
Knowing K. = K.K = 0.97 number 
We can get K^ as. 
K = 
•^ 1 
0.97 
3.26 
K2 = 0.30 mol dm"^ 
Similar c a l c u l a t i o n at lys ine concent ra t ion 0.04M and 
0.08M gives the value of K, as 3.29 mol"-^ dm^ and 3.15 mol'^^dm^ 
r e s p e c t i v e l y . Which g ives average values of K, and K^ as 
- 1 3 -3 
3,23 mol dm and 0,30 mol dm re spec t ive ly and compares 
favourably with the values pred ic ted using equation ( 9 ) . 
Mechanism and k i n e t i c s of phase two ; 
In appears t h a t during the course of the r eac t i on a u t o -
c a t a l y t i c e f fec t plays an important r o l e . We a t t r i b u t e t h i s 
ef fec t to manganese(II) . I t i s envisaged t h a t manganese(l l ) 
forms a complex with the r e a c t i v e species produced by e q u i l i -
b r i a (3) and (4 ) . This complex i s fragmented into two d i f f e r e n t 
101 
species R, and R^  which subsequently decomposes unimolecularly 
to give the final product. It is further assumed that the 
rates of decomposition of R, and R- are similar. The complete 
scheme for phase two may given as follows : 
L + H"^  > LH"^  
HP > P" + H"*" 
+ - ^1 LH + P '^  -^  N LHP 
LHP ^ ^ LP" + H"^  
TT K 
LP" + Mn + P" - ^ ^ LPMnP (lO) 
LPMnP "^ ^ Rj^  + R2 (11) 
R, - ^ ^ ^ ^ 
R2 ^ 2 k _ > 
The following rate expression may be obtained for the above 
mechanism: 
rate = k^ C^Rj^ ] + k^ ,^ [R2] 
~ '^^ 2b "*" '^ b^^ '-^ l^  (assuming rate of decomposition 
of two radicals to be similar) 
= 2k^[Rj 
= VK^2k^[LPMnP]^/^ d^ -2' 
= vip:. 2k'ffx^nip~]f\71 (12) 
102 
The concentrations of [LP~] and [Pr] are taken from earlier 
equation on the assumption that the fraction of permanganate 
present in the form of LPMnP is very low. Putting the values 
of [LP~] and [P~] concentration as, 
[LP-j = 
and 
[P"] = 
(K2[H-']+K2K^2'^^^o''^12^"'^^'^^^oY^12^^^< 
in equat ion (12) we ge t , 
*^2*^12t^^otP7^ \ ^ / 2 
r a t e = 2k° 
^U2tH'']+K2K^2tL]o+K^2'^"^^f^^o 
[H"*"]K2[P7] y / 2 
K2[H+]+K2K^2t^^ 0-^^12'^"'^^ t^^o 
2k°K2(K^2t^^o^^'^^t""'^^^^-t^^ 
(K2[H"^]+K2K^2tL]o+K^2t"'*"^tL^o^ 
([H-^] + K^2t^Jo-'*^lt""'^tL]^) 
(13) 
(14) 
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Figured Rot of [ L ] ^ / k ^ ^^ ^ VS [ L ] ^ in the abse rtceof SOS 
Temp ^ 30°C [H*'] = 0-20 moldm^, JL|=0-20nnol dm^. 
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(a) At constant hydrogen ion concentration : 
The equation (14) may be rearranged to give, 
'^ 2ob ^ 2 
where k^ = 2k° K^/^ ^ H + J ^ / ^ 
1/2 Equation (15) p r e d i c t s tha t a p lo t between [ L J - /k^ . 
vs [ L ] should be l i n e a r w*iich i s v e r i f i e d by f igure 4 . 
The i n t e r c e p t and slope of the above l i n e are given as 
In t e r cep t = I^^ = 1/2 
(b) At constant lys ine concent ra t ion : 
Equation (14) may be rearranged to g ive , 
kA[H+]V2^L]l/2 
'2ob KI2CL]Q+(I-KK^[L]^)[H- ' ] 
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1 - 3 
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o r 
•^205 ^2 
^^205 ^ 2k° K^/2 ^ 2k° K^i/2 
^ l 2 ^ t L ] ^ (l+Kj^[L]^)[H-'] 
2k° 2k° K^/2 
g i v i n g 
I n t e r c e p t = I -l^^l^ 
^^ 2k° 
(16) 
and 
Slope = s^ ^ = ZTzm— 
9 19 
The equation (16) predicts a linear graph between 
[L]y^[H"*"]^/Vk2ob ^^ '^ "^ ^ ^ ^^^ intercept and slope given 
above. This is verified by figure 5a. Using the values of 
K, and K_ from data of phase one as found earlier the kinetic 
parameters of phase two have been evaluated. The intercept 
of equation (15) gives the values of k.^ 
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[H^] l /2 
In t e r cep t = ^15 = 
^2 
^^o 12 
I 2 K^/2 
( O f 2 } ^ / ^ 
0.0095xl0^x2x(0.97)-'-/^ 
k^ = 2.4x10"^ min"-^ 
Using the value of k^ as est imated e a r l i e r and K, and K^ 
from da ta of phase one. The slope and i n t e r c e p t s of equat ion 
(15) and (16) at d i f f e ren t lys ine concen t ra t ion and [H ] have 
been evaluated and are found to be in good agreement with gra-
ph ica l ly determined values as shown below : 
P red ic t ion using egu^l^ion (16) a t d i f f e r e n t lys ine concen-
t r a t i o n : 
(a) At l y s ine concentrat ion 0.02M 
<i'i^K 
I 
^^  " 2k5 
= 0 .98 X 0.02 
2x2 .4x10 "^ 
The g raph ica l value i s 0.40 (F ig . 5 a ) . 
= 0 .41 
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Figure 5b Plot of [ L ] [H^f /k^^^ V S [ H J in the 
absence o( SDS 
Temp = 3QCj [ L ] = 004 moldm^, JL| = a20mcrld rr?, 
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Figuresc Plotof [ L ] ^ [ H ^ ] / k ^ ^ j , V S [ H ' ] intheabsence 
of SDS 
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(b) At lysine concentration 0»04M 
, 0.98 X 0,04 ^0^32 
•^ ^ 2x2.4x10""^ 
The g raph ica l value i s 1.0 (F ig . 5b) 
(c) At lys ine concentrat ion 0.08M 
, 0.98 X 0.08 , . i-i^ = *3T = 1.0 
^° 2x2.4x10 ^ 
The g raph ica l value i s 1.6 (F ig . 5 c ) . 
(d) At lys ine concentrat ion 0.02M 
1 + K , [ L J 
S 
.o ^ 1 / : 16 ^. o ^1/2 
9 12 
= 1 + 3.23 x 0,02 ^ 22.6 
2x2.4xlO""^x0.98 
The g raph ica l value i s 24 (F ig . 5a ) . 
(e) At lys ine concentrat ion 0.04M 
3 _ I ± 3 , 2 3 x O ^ ^ 2 4 . 0 
•^ ° 2x2.4x10 '^xO.98 
The g raph ica l value i s 32 (F ig . 5 b ) . 
( f ) At lys ine concentra t ion 0.08M 
S = ].^:?,2?x0 08 ^ 26 .8 
2x2.4xlO"'^x0.98 
The g raph ica l value i s 24.0 (F ig . 5c) 
I l l 
Pred ic t ion using equation (15) at d i f f e r e n t lysine concen-
t r a t i o n : 
K ] ; / ^ ( K ^ -h H"") 
^^^ ^ 2k° K2^ 2^ [^-.^1/2 
(3.93)-^^^ Co.30 + 0.2) 
2x2.4xl0"^x (O. 30) ^^'^(,0,2)^^'^ 
1,79 X 0.50 
2x2.4x10~^x0.548x0.447 
= 76.12 
The graphica l value i s 30 (F ig . 4 ) . 
However, at other temperatures the slope of equat ion 
(15) does not compare favourably with t he predicted va lues , 
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Oxidative degradation of lysine in the presence of surfactant 
It is observed that in the first phase of the reaction 
the dependence of observed rate constant on different para-
meters in the presence of surfactant (J^ iQh-^  does not change 
its behaviour as observed without surfactant. The plot l/k, . 
vs 1/[L] is found to be linear and the plot between l/J^ Q^h ^^ 
[ H ] is also linear. However, a major difference is observed 
in the kinetic parameters of the second phase of the reaction. 
It may be recalled that a complex dependence on lysine and 
hydrogen ion concentrations of the r^te constant in the second 
phase was observed. In the presence of surfactant the second 
phase observed rate constant (k^ ,) shows no variation with 
2ob 
hydrogen ion concentration whereas the plot between l/k2_uj vs 
1/[L] is found to be linear. With this in view, the role of 
of surfactant appears to be quite different in respect of 
producing a new set of intermediates in the second phase 
whereas in the first phase the mechanism of the reaction is 
only marginally modified, 
(a) Kinetics and mechanism of the reaction in the first phase; 
Mechanism 
L + H"^  > LH"^  
HP > P~ -t- H"*" 
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T' ^ 
LH"*" + P ^^ ^ LHP 
LHP + (S^)"'" M " 
Lysine is present in the protonated and deprotonated 
forms. The fraction of lysine complexed with .Mn(VIl) (i.e. P ) 
is ignored. 
Derivation of the rate expression ; 
From the above mechanism Kj,, Kj_ and K.p may be defined 
as 
[HSp]^'"-^^- [LjLHSp]^'"-^^-
K„ = = ; K 
" [H-'lLSp]""" ' ^ [LH^JLSp]"^-
and 
[LHP] 
The concentration of [LH ] may be obtained from the mass 
equation, 
[L]^ = [LH-^ ] -h [L] 
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and Kjj, K.- and KT p» 
= [LH""] (1 + K L S / K ^ . [ H - ^ ] ) 
[LH""] = Kj^[L]^[H-^]/K^[H^] + K ^ 
The t o t a l manganese(VII) [ i . e . P-,] i s p r e s e n t in p e r -
manganate ( i . e . P ) and l y s i n e - p e r m a n g a n a t e complex [ i . e . 
LHP] forms 
[P7] = [P"] + [LHP] 
[LHP] 
KLp[LH-'] 
[LHP] 
[LHP] 
( 1 + K,„[LH-']) 
KLp[LH^] ^^ 
K,pK„[P-][L]^[H"*"] 
[LHP] = L P : H _ 7 Q 
K H [ H ^ ] ^ KLS > KLpK^[L] J H ^ ] 
Using the above e x p r e s s i o n f o r the c o n c e n t r a t i o n of 
complex, LHP, the r a t e e x p r e s s i o n may be o b t a i n e d as u n d e r : 
r a t e = k^[LHP]. [Sp ]"*" 
m-''s^p'Si^P7]['-]ot"^][Sr] 
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Figure 7a Plot of l / k VS [H*] in the presence of SDS 
Temp = 30C, [L]^=002mol cJn?, JU ' 0-20mol dnV^ 
[MnQr]=2X10mol dm"^,[SDS] = a01mol dm 
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[H*] /moldm^ ' 
Figure 7b Plot of 1 / l<^ ^^ ^ VS [H*] in ihe presence of S D S 
Temp^adc [L]j:0-04moldnf?,JU= 0-20moidrn 
[MnO^]=2X ldmol dm^,[SDS] - 0-Olmol drrP 
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Figure7c Plot of 1 / ll,^^^ VS [H^] in the presence of SOS 
Temp=3db , [ L ] = 008mol drn"^ ,JU = 0-20 mol dm, 
[Mn04]=2Xld^mol drf?, [SDS] =001mol drr? 
: 119 : 
k3K,p[HSp]^"--^^-[L]JP,] 
s*- "'o 
where 
(m-D-
K = ^\pt"^^ 
( a ) At c o n s t a n t hydrogen ion c o n c e n t r a t i o n e q u a t i o n ( 1 7 ) 
g i v e s . 
icLw 1«* t L ] ^ k! 
l ob s *• -"o s 
+ — = ^ - ^ (18) 
5 I. « r r 1 1. « 
equation (18) predicts a linear plot between 1/kf u^  vs 1/[L] 
which is verified in figure 6, 
(b) At constant lysine concentration : 
Using equation (17) the relation between kf^ and 
[H ] may also be obtained. 
^ , ^LS ^ Kj^(l^K,p[L]^) ^^^ 
[H-^ ] (19) 
lob s o 
The equation (19) gives linear plot between l/k? ^ vs [H"^ ] 
This behaviour is also verified by figures 7(a), (b) and (c). 
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Figuree Plot of k^ ^^ ,^ VS SDS 
Tennp=30°C,[H"]= 0-20mol dm^,JU =0-20 mol drY? 
[MnO;] = 2X lo'^nol dm^, [L|^= 0-04 mol drri' 
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(c) At constant hydrogen ion and lysine concentration the 
re la t ion between kf . and [SDS] may be obtained as 
l o o >. J J 
_ ^ApC'-3„-[HSp]<"-^^-
l o b K H [ H ^ ] + K L S - H K L P K J ^ [ L ] J H ^ ] 
:c'[SDS] (20) 
The equation (20) predicts linear plot between k, , vs 
[SDS], This line passes through the origin as in figure 8. 
Mechanism and kinetics of the reaction in the second phase 
The most significant departure of kinetic feature of the 
reaction in the presence of the surfactant as compared to 
kinetic parameters observed without surfactant in the dependence 
of ^2oi?" L^ J* "^t appears that hydrogen ion does not play any 
role. The dependence of k^ . on lysine concentration also 
2oD •* 
indicates a complex formation of different nature. We have 
assigned the catalyt ic ro le in the second phase to manganese(ll), 
which i s the reaction product. I t appears that the reac t ive 
species, LP , does not play any significant role in the presence 
of the surfactant but in i t s place a new manganese-lysine-
permanganate complex plays a major role in the ra te determining 
step. LP may be involved in producing the lysine manganese 
complex. 
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[LP~] + Mn^ "^  s > [LMnP]"^ 
wi th t h i s in view, the mechanism of t h e phase two may be 
modif ied as under : 
r tj 
LH"^  + P" ^^ ^ LHP 
LHP + Mn^ "^  ^ -^ LMnP"^  + H"^  
LMnP-" + (S^)""" ^ - ^ 
D e r i v a t i o n of t h e r a t e e x p r e s s i o n : 
The t o t a l manganese(VIl ) ( i . e . P^) i s p r e s e n t i n t h e 
form of t h r e e s p e c i e s P , LHP and lys ine-manganese-perman-
g a n a t e complex [ i . e . (LMnP) ] . 
[P7] = [P" ] + [LHP] + [LMnP]"^ 
[LMnP]'*'.[H"'] [LMnP]"*'[H''] 
+ o7 + [LMnP]"*" 
KLp[LH'*"].Kj^ Mn^"^ Kj^ -M"^ "*" 
,+ ZtH^+K [LH-^][H-^]+KLpK^[LH-^]Mn2n 
= [U.lnP]^ t ^ — 7 — 7 ; 2T^ ) 
\ KLp[LH-']Kj^Mn^-' J 
1+ [P7]KLp[LH+].K Mn2+ 
[LMnP]+ = ; ^^ T ^ 7 oT 
[H-^]+KLp[H-'] [ LH-']+KLpK^[ LH+jMn^^^ 
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[P7]KLp[LH+]Kj^.Mn 2+ 
[H-^ ]+Kj_p[H-^ ] 
[LMnP]"^ = 
^LS'^'^LP^M^'^^l 
Using the above expression for the concentration of 
complex, [LMnP] the rate expression may be obtained as under: 
rate = k^ [U-tnP]"^ [Sp]"'" 
m-
(21) 
K^s + k^L]^ 
where 
Using equation (2l) under different experimental condi-
tions the relationship between the observed rate constant. 
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Figure9 Plot of 1/k^2ob^S'l/[L]^in the presence of SDS 
Tennp=3dfc,[H*]=0-20nnol drr?, JU = 0-20mol do? 
[MnO^] = 2X10^moldfTf^[SDS]=001mol dnl^ 
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Figure 10 Plol of ^2ob^^ ^^^ 
Temp=3d'c,[H'j = 0-20moldm,jJ =0-20moldrr?, 
[MnOi]=2X10^moldm,[L] = aO/.moldm-' 
126 
k^ , and [L] and relationship between k^ , and [H"*"] may be 
20D O 20D ' 
e x p r e s s e d as fo l lows : 
( a ) At c o n s t a n t hydrogen ion c o n c e n t r a t i o n e q u a t i o n (21) 
g i v e s 
1 '^ LS 1 1 
•^lob Xs^ '^ISpf- [L]^ kJSp] m-
(22) 
from equation (22) is predicted a linear plot between 1/k 
vs 1/[L] which is verified in figure 9. 
2ob 
(b) At constant lysine concentration 
No effect of the hydrogen ion concentration is observed, 
(c) At constant hydrogen ion and lysine concentration 
equation (21) gives the relationship between k^ , 
and SDS. 
k k'[L], 
20b Kf-TPlLT-t^^^^ (23) 
LS •• •'o 
The equation (23) predicts linear plot between k^ u^  vs 
[SDS]. This linear line, passes through the origin and the 
behaviour is verified by figure 10, 
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Activation parameters : 
Activation parameters of the reaction have been estimated 
using slopes and intercepts of equation 8, 9, 15 and 16. It 
has been assume that the product equilibrium constant K,^ which 
is product of K, and K does not change with temperature this 
assumption has been based on account of ionic species involved 
the said equilibrium, 
It is believed that since the interaction involves oppo-
sitevely charged species on the both side of the equilibrium 
therefore, the forward and backward processes would have rela-
tively very small activation energies. At 30°C the value of 
^12^^1^*^2^ has been estimated as 0.97 we have assumed the same 
value of at different temperatures. The values of k, K^, K, 
and k^ are calculated in the following manner: 
From the plot between ^/^IQI^ VS 1/[L] at different 
temperatures the values of k ha\« been calculated using the 
slopes of equation (s). 
(Slope2Q)g = (equation 8) 
kKj^ 2 
giving, 
(k)-j^ = (From figure 11) 
(Slope3o)K^2 
c 
6 
o 
' O 
10 
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Figure 11 Plot of l/j<,^yS I / [ L ] inabsence of S D S 
Temp = 3db[H^]=020nnoldmjjU =0-20moldm"^ 
= 2>n0^moldrT^[sDs]= Nil 
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Figurel3 P lo to f l /k^ ,b VS l / ^ J n fheabsenc 
of SDS 
Temp=35'b,[H^]=020moldmf jUl = 020moldm^ 
rMn0^^2XlOmoldf7^^,[SD^ = Ni 
-J 
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Figure 15 Plotof l /k VS l / f / l i n+K u 
/ '°b VWcJ'^^^^absenceofSOS 
Temp--/.Q% [H']=0-20moldm^,U =0-20 moldm 
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0.2 
0.024x10^x0.97 
(k)3Q = 8.6x10"^ mm"-'-
S imi la r ly , 
(k)oR. = T (From f igu re 13) 
^^ 0,018x10^x0.97 
= 11.5x10"^ min"-^ 
and 
(k) .p, = ^ ^ 3 ^ (From f igure 15) 
^^ 0.014x10 ^xO.97 
- 3 - 1 
= 14,7x10 min 
Using the i n t e r c e p t of equation (8) at d i f f e r en t tempe-
r a t u r e the values of K„ and K. may be obtained as under : 
( int^Q)^ = — (From equation 8) 
[H^] (K„)_^ = o o (From f igure 11) 
^ -^ ^ 0.195x10^x8, 6xlO"^-l 
.0*2. 
0.667 
^^^30 " °*^^ ^^^ ^^ ^ 
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b u t Kj^ 2 = ^•^'7 
(Kj_)3Q 0.97 
^ 2 
0.97 
0 .29 
(Kj^^^Q = 3 .3 mol ^ dm^ 
S i m i l a r l y , 
(K^)^P, = r * = (From f i g u r e 13) 
^ -^ ^ 0 . 1 8 x 1 0 ^ x 1 1 . 5 x l O " ^ - l 
O^ 
1.061 
t h e r e f o r e , 
K^2 = O-^^ 
(KJ - ^ ^ 
' 1 ' 3 5 0 .19 
and 
- 1 3 
= 5 . 1 mol dm 
iy^oKn = T"^^^ T^ (Fro"» f i g u r e 15) 
^ ^ " 0.16x10^^x14.7x10 ^ - 1 
^•^2^40 " ^ * ^ ^ '"^^ ^ ' " " ^ 
^ 
o 
E 
c 
,r»* 00 3 
^-A 0 02 
o 
0-0: 
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F igure l6P lo to f rL f^ /k , ^ VS FL I in theabsence of SDS 
Temp=J^QC3lHJQ-2Qmo{drn^,jJi' 0-20moLdm, 
[MnO^ = 2Xld1noldrT? [SDS] = Nil 
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t h e r e f o r e . 
K , 2 = 0 . 9 7 
(K^) _ 0 . 9 7 4 0 ~ 0 . 1 5 
- 1 3 
= 6 . 5 mol dm 
From t h e i n t e r c e p t s of e q u a t i o n ( 1 5 ) a t d i f f e r e n t t e m p e -
r a t u r e t h e v a l u e s of k^ niay be e s t i m a t e d a s u n d e r : 
^•"•30^15 
[H-^] + i l / 2 
^ o ^ l / 2 
•^2^12 
(From f i g u r e 12) 
(k?) 2 ' 3 0 ( 0 . 2 ) 
1/2 
0.0O95xlO^x(0.97)-^/^ 
(k?) 2 ' 3 0 0 .447 0.0095x10-^x0.98 
(k°) 
^•^2 30 0 .048 mln 
- 1 
S i m i l a r l y , 
^•^2^35 
0.447 
0.008x10 xO.98 
(From f i g u r e 14) 
(k°) 
^•^2^35 0 .057 min 
- 1 
T h e r e f o r e , 
( k ° ) 
^•^2^40 
0 .447 
0.0055x10 xO.98 
- 1 0 .082 min 
(From f i g u r e 16) 
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Rgure M Plotof 1 /k*ob^^ l/[LJ^ in the presence of SOS 
Temp=30C,[H'*'}o-20mol drT^,\ji =0-20mol dm^ 
[MnC[]^2X10^moldm'^, [SDS]=aOtmol dm 
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Figure 18 Rot of 1 /kj^^S 1/[L] in the presence of SDS 
Temp=3dfc,[H]^0-20mol drT ,^JUl=»020mol dm ,^ 
[MnO;^]=2X10mol dm3[SDS] = 0O1 mol dm^ 
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Rgure 19 Plot of ^/^^^^S l / [Lj^in ihepreseneof SDS 
Temp=35C,[H*] 0-20mol drf^ ^JU = 020 mol dm^ 
[MnOi|=2Xl6 mol dm>[SOSJ =0-01 mol drri' 
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Figure20Plo1of l/k^^ j^^ VS l/[L]jn Ihe presence of SDS 
Temp=35C,[H^-0'20moldrf?, JUI^0'20mol drrf 
[MnO;] = 2Xl0^moldnriJ[SDS] = 0-01mol dm 
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Figure21 Plotof 1 /l<^^j,VS I / [ L 1 in Ihe presence of SOS 
Temp-^OC,[HJ=0-20nnoldm^^JU = 0-20nnoldm^ 
[MnO j^ =2Xld^mol drf?, [SDSj^ OOl mol drr? 
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Rgure22 P\o\ of)/i^^^S l/[L]oin the presence of SDS 
Tennp-40C,[H]=020nnol drf?,JU ^020mol dm 
[MnO;] -2X1(3^mol dn?,[S0Sl = 0O2mol drf? 
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Arxhenius equation was used to evaluate activation 
energies of k, k^ [vide figure 23]. Similarly, the 
difference between the activation energy of forward and 
iDackward processes involved in the equilibria 1 and 2 
were also estimated [vide figure 2H] . The plots of l/k, L^  
vs 1/[L] at different temperatures and found to be linear 
in the surfactant [vide figure 17 to 22]. However, the 
activation parameters for the rate constants in the 
presence of the surfactant could not be estimated because 
of lack of data. 
